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ABSTRACT: This paper presents a preliminary study 
on behalf of the Bavarian Red Cross (BRK). Its focus is 
on the traffic safety impact of additional blue lights for 
ambulance vehicles of the Bavarian Red Cross (BRK). 
The study examines if and to what extent a traffic safe-
ty impact can be measured.
The high crash risk particular during emergency 
drives has been reported in numerous studies. The BRK 
endeavors to decrease the crash frequency of their am-
bulance vehicles by improving their visibility especially 
at intersections and narrow gateways. Therefore, addi-
tional side flashing lights have been proposed. The pur-
pose of this study is to evaluate the effectiveness of these 
flashing lights. In this context, emergency drives con-
ducted with equipped and unequipped ambulance vehi-
cles were compared. More precisely, the exit of a BRK 
station and the adjacent road segment was observed for 
14 days by a video camera, which enables computer-vi-
sion aided analysis of the traffic. Within this time frame, 
38 traffic situations of unequipped and 13 situations of 
equipped ambulance vehicles were observed. The trajec-
tories of interacting road users in these situations were 
analyzed. Indicators for the adaption of road users to 
ambulance vehicles leaving the BRK station were used, 
like deceleration, position and time of braking as well as 
time of reaching walking speed.
The indicators showed, that road users entered 
the observation area slower encountering equipped 
ambulance vehicles—probably due to prior brak-
ing—than was measured at emergency drives with-
out additional flash lights. Furthermore, road users 
on average were breaking 3.5 meters earlier, less in-
tensely and reached walking speed 4 meters earlier 
when ambulance vehicles were equipped with addi-
tional flash lights. The interpretation of these results 
is that earlier reaction implies earlier perception of 
the ambulance vehicle.
KEYWORDS: Ambulance Vehicles, Traffic Safety, 
Risk, additional flash lights (3 - 5 keywords)
1. BACKGROUND
The Bavarian Red Cross (BRK) aims to increase the 
safety of ambulance vehicles, so called Mobile Intensive 
Care Units (MICU) in road traffic. One possible meas-
ure in this context is to improve the visibility of MICU 
through additional side flashing blue lights. In Fig-
ure 1 a MICU is shown with additional side blue lights.
The additional side blue lights aim to increase the 
perception of other vehicle drivers of a  MICU that 
is entering the road from the side. This seems to be 
reasonable, especially, when the MICU is suddenly 
appearing from behind a building or from a narrow 
intersecting road. This approach, although intuitive, 
has raised discussion between the BRK and the pub-
lic authorities responsible for type approval. In order 
to not overstrain road users and minimize special 
signaling in public space, authorities need to have 
proof of significant positive effects of these addition-
al lights. A literature review revealed no clear answer. 
Therefore, a quantitative analysis on the positive ef-
fects of the proposed measure was needed.
The aim of the study presented in this paper was 
to conduct efficacy studies of additional side blue 
lights in road traffic based on empirical data.
2. AIMS AND METHODS
2.1. Related Work
The high crash risk particular during emergency 
drives has been reported in numerous studies (see 
e.g. Casey, 2011).
This paper was presented at ICTCT workshop.
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Regarding the safe operation of emergency vehi-
cles numerous best practice papers exist. Boone et al. 
(2014) summarizes best practice information re-
ceived and consolidates it in an appendix for consid-
eration by the emergency medical services communi-
ty. Information on case studies of past tragedies, loss 
statistics, organizational and personal responsibili-
ties and strategies to improve fire fighter and law en-
forcement officer safety while in vehicles is published 
by the International Association of Fire Fighters 
(2010). This document contains as well information 
on emergency vehicle lighting and markings and on 
safety while working at the road side. However, spe-
cific answers to the question raised by type approval 
authority could not be found in the literature.
Real accidents are rare and difficult to observe 
events. For this reason surrogate safety measures 
were introduced and studied in the literature. Gett-
man et  al. (2008) assessed the correlation between 
conflicts recorded by a  surrogate safety assessment 
model (SSAM) and actual crash histories at 83 urban 
intersections. Regression was used to establish the 
following peak-hour conflict-based model to predict 
average annual intersection crash frequency. This 
equation exhibited a correlation (R-squared value) of 
0.41 which was in line with previous studies for urban 
signalized intersections. The evaluation of Guo et al. 
(2010) based on data collected by natural driving 
studies supports the assumption that there is a strong 
relationship between the frequency of crashes and 
near-crashes.  Souleyrette and Hochstein (2012) 
tried to apply the correlation formula of Gettman et 
al. (2008) and did not succeed well. This supports 
the statement of Guo et al. (2010) that the frequency 
relationship between accidents and near crashes is 
evident but complex and may depend on numerous 
factors. Thus, it was concluded, that a comparison of 
the frequency of critical situations depending on the 
presence of additional blue lights should give a good 
qualitative forecast on the expected frequency of real 
accidents. Therefore, a surrogate safety measure study 
was found to be appropriate to address the task.
However, the following potential pitfalls were 
identified:
a) Caution is needed when generalizing from the 
findings on one research location to conclu-
sions for the whole road network.
b) Quantitative forecast is to be faced with caution.
c) Critical situations with MICU involved are 
rarer events than critical situations in normal 
traffic.
These pitfalls in mind, the experimental approach 
was laid out.
Figure 2. Picture of the location BRK Kreisverband 
Schweinfurt, rescue station Schweinfurt, Niederwerrner 
Str. 13, looking west (Friedrich-Ebert-Straße)
Figure 1. Additional side mounted flashing blue lights at 
a MICU (source: BRK)
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2.2. Approach
The goal of the study is to provide a principal feasibil-
ity of a proof with comparatively little effort. The ef-
fectiveness of the additional side blue lights is there-
fore estimated based on comparative examinations 
in which two vehicle classes participate: vehicles 
with and without additional flashing blue lights. By 
means of image processing methods it is examined, 
how often critical situations occur in flowing traffic, 
when an MICU enters the free-flowing traffic. Critical 
situations can generally be assessed using criticality 
measures such as TTC (time to collision), PET (near 
miss), DRAC (necessary deceleration to prevent an 
accident) and location of braking points, as well as 
the maximum deceleration. It is a common approach 
using video surveillance for recording road user tra-
jectories and automatically identifying potential criti-
cal situations (Ismail, 2010).
The approach of the study was to record digital 
videos of the traffic on the research site, to evaluate 
the video material afterwards using digital image 
processing methods and to determine the distribu-
tions of the location and frequency of critical situa-
tions. Based on these distributions safety promot-
ing measures and installations can be evaluated and 
compared. Distributions of the following standard 
parameters (Fitzpatrick, 2000) were used:
• Maximum deceleration of vehicle.
• Entry speed in the region of interest.
• Braking point.
• Point when walking speed is reached.
The evaluation was conducted with anonymized 
data: digital videos had been recorded with low reso-
lution to not contain personally identifiable data and 
safety measures have been calculated on anonymized 
trajectories.
The practical steps were as follows: First of all, 
still photo test images were requested by various res-
cue teams in order to be able to assess the suitability 
of the site for a  comparative examination. The res-
cue station Schweinfurt in Niederwerrner Straße 13 
(see Figure 2) was selected. Video recordings of the 
traffic situation in front of the BRK rescue station in 
Schweinfurt were created in order to assess the feasi-
bility of the approach.
Afterwards, an on-site appointment took place in 
the rescue station Schweinfurt, where test pictures 
were taken from different office windows in order 
to find the suitable perspective (see example at Fig-
ure 2). Finally, a perspective was selected that is char-
acterized as follows (Figure 3):
• Unobstructed view of the traffic approaching 
the exit of the rescue station.
• The vehicles on Niederwerrner Straße pass 
the exit of the rescue station
• Outward MICU cross the carriageway from 
the right
• Outward MICU emerge from behind a house, 
i.e. they are completely or partially hidden 
before they hit the road
• The road users can be detected within a range 
of 35m from the potential point of conflict and 
Figure 3. Picture of detection area and interacting vehicles (East view). Left: Interaction with MICU coming from the 
south, Right: Interaction with MICU when approaching from the west
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their movement lines (trajectories) recorded 
in order to detect the possible interaction 
between MICU and the road users
Then, a commercial camera (GoPro Hero II) was 
placed in the window of one of the ambulance offices 
(Figure 3). This recorded a digital video over a period 
of 4-5 hours. Afterwards it needed to be recharged. In 
total 14 days of videos were recorded.
The inspection of the recorded material showed 
that within the 14 days a total of 51 missions with 
siren and blue light had been recorded. Of these, 
13 scenes were containing vehicles with side blue 
lights in use and 38 scenes without side blue lights. 
A  closer examination of the scenes revealed the 
following:
• Often there is no vehicle interaction between 
MICU and other road users because there is 
no traffic. Those were discarded.
• Several recorded operations from East and 
West were carried out by other rescue ser-
vices, like police and fire brigade. These were 
discarded as well.
• Construction work or marking work on the 
road took place on several days.
• Operation was started in different traffic con-
ditions. The spectrum ranges from free flow 
traffic to traffic jams.
• In a single scene, two MICU appeared imme-
diately one after the other: one with and one 
without side blue lights.
• In two scenes the MICU approached from the 
west (see Figure 3 on the right), in all other 
scenes the MICU left the station coming from 
the south via the exit (Figure 3).
The study was carried out with software tools 
for the detection and tracking of road users in video 
sequences, which were developed especially for this 
purpose at the German Aerospace Center (Leich et 
al., 2015). The software is capable of recognizing ve-
hicles in pre-defined detection areas (virtual loops) 
and of tracking them through the area of sight. In 
contrast to other publicly available tools, the software 
is able to continue with the tracking task when the 
viewing axis of the camera is flat and there is much 
occlusion between road users present in the scene. 
The application of this software makes it necessary to 
conduct the following steps:
• Provide video scenes
• Determine the parameters of the exterior and 
interior orientation of the camera for the vari-
ous 14 days of use.
• This model of optical imaging allows a pro-
jection of the action in the two-dimensional 
camera image onto the real 3-D world; thus 
speeds etc. become measurable
• Provide training data for the virtual loops
• Automatic processing of video sections, gen-
eration of trajectories
• Evaluate the trajectory data and collect of the 
relevant parameters described above
2.3. Determination of the exterior orientation 
parameters
At each of the 14 different shooting days, the camera 
was mounted in the same position, but there were 
slight variations in orientation. These arise when 
the camera is re-inserted manually into the holder, 
which leads to minimal changes in the orientation of 
the camera. These minimal changes result in errors 
of several meters when projecting image coordi-
nates into world (UTM) coordinates. The projection 
error increases with distance from the camera. As 
stated before, the projection is necessary in order to 
derive trajectories in world coordinates and meas-
uring position and kinematics in common metrics 
units (m/s etc.).
These errors were avoided by re-calibrating the 
exterior orientation parameters for each scene. In 
such a  calibration, prominent points in the camera 
image are marked pixel-accurately and their corre-
spondence is indicated in the map (see Figure 4). 
From the point correspondences, the exterior orien-
tation of the camera was calculated.
Figure 4. Corresponding points in map and camera image
Page 68 of 74
ToTS Volume 9, Issue 1: pg64–pg74
The Safety Impact of Additional Blue Lights of Rescue Vehicles
As a result, it was found that the accuracy of pro-
jecting the camera image onto the map image was 
better than 10 cm for the entire area of interest—
from the entrance of the road users to the exit of the 
rescue station. The calibration is considered suitable 
for carrying out the investigation (for more detailed 
consideration of the influence of measurement ac-
curacy on the determination of critical situations in 
traffic see Leich et al. (2016).
2.4. Providing Training Data for Virtual Loops
During the automatic processing of the video data, 
the vehicles pass previously defined image areas (vir-
tual loops). A  pattern recognition algorithm deter-
mines how similar the image content is to the image 
of  classified reference vehicles and outputs a corre-
sponding similarity value. The Histogram of Orient-
ed Gradients (HoG) combined with a support vector 
machine (SVM) was used as recognition algorithm 
as proposed by Dalal & Triggs (2005).
In order to achieve optimum optical loop perfor-
mance, training data was manually created over the en-
tire 14-day period under various weather conditions 
(see Figure 5). The study generated approximately 
3000  training data examples (50% vehicles and 50% 
background) for three virtual loops (right lane, lane 
changer and left lane) and finally estimated the detec-
tion quality based on samples from the various random-
ly selected scenes. Within the 14 days, out of 526 vehi-
cles 524 were correctly recognized (true positive) having 
5 errors (false positives). The pattern recognition algo-
rithm and the number of training data were therefore 
considered suitable for carrying out the examination.
2.5. Image Processing and Calculation of 
Trajectory
In the following the algorithm for object detection 
and vehicle tracking is briefly explained: The whole 
process of detecting a vehicle and tracking it, result-
ing in a trajectory, is automated.  If a vehicle passes 
through the virtual loops (red ellipses), the calculat-
ed similarity score rise, as shown in Figure 6. There, 
only one MICU passes through the loops svm_2 (left 
lane) and svm_0 (lane changer). The software gener-
ates the object candidate 7 and tracks it through the 
scene using an optical flow algorithm (see Leich et 
al. 2015). Then a red car passes through the virtual 
loops svm_1 (right lane) and svm_0 (lane changer). 
The loops svm_0 and svm_1 show increased similar-
ity scores. The non-maximum suppression algorithm 
selects the object candidate 11 and tracks it. The pro-
jection onto the map (Figure 7) shows the objects 2 
and 11 in 3D (or 2.5D) coordinates.
For all trajectories, space-time images, speed-
time diagrams, and speed-location diagrams were 
generated. The diagrams were used to determine the 
following parameters:
• Entry speed into the detection area, directly 
readable in speed-time diagram
• Maximum deceleration, calculated by selecting 
two points in time in the velocity-time diagram
• Auxiliary variable: Time of braking (braking 
acceleration exceeds 1 m/s2). This time was 
read from the acceleration time diagram.
• Location of the braking determined in the 
space-time image from the time of braking
• Location where the walking speed of 1.5m/s 
was reached. Readable in the speed-space 
diagram
Object 2
Figure 5. Graphical user interface for image processing 
methods training Figure 6. Object locations after perspective projection
Object 11
Object 2
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3. RESULTS
For the relevant indicators, distributions and averag-
es were determined. See Figure 7 through Figure 10, 
Table 2 and Table 3. All calculated indicators show 
a tendency towards more favorable values in terms of 
criticality when the additional flash light is in use.
• The low entry speeds indicate that braking 
is often already done before entering the 
observation area. The average entry speed 
is 8.16 m/s (29.4  km/h) with flash light 
vs. 9.22  m/s (33.2 km/h) without flash light, 
or 12% lower. 
The average of the maximum acceleration 
of the road users is 2.03  m/s2 with side flash 
light than without side flash light (2.18 m/s2).
• The distribution of brake application points 
over the path shows that vehicles start brak-
ing on average 3.5  m (8.1 m vs. 4.6 m) earlier 
when the flash light is active. A vehicle ap-
proaching 50  km/h slows down an average of 
0.25  s earlier.
• The distribution of the brake application 
points (see Figure 9) shows that almost two-
thirds (64%) of the brake application points 
are between 0 and 7 m when no side-marker 
lamp is active. The top of the histogram is 
in the interval 4 m - 5  m. With side flash 
light the top of the histogram is in the inter-
val 0  m -1 m and 7 out of 11 (64%) vehicles 
have already started to brake after 4 m . This 
suggests that more road users start to brake 
earlier when the side flash light is active.
• When the side flash light is active, the vehicles 
reach walking speed after about 12 m on aver-
age, while this is the case after almost 16 m 
when no side flash light is active. The mean 
coincides with the top of the histogram (see 
Figure 10)
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Figure 10. Histograms of braking points in the detection area. Left with, right without flashlight
Figure 9. Histograms of the entry speeds into the detection area. Left with, right without flashlight
Figure 8. Histograms of the maximum deceleration in the detection area. Left with, right without flashlight
Figure 11. Histograms of the locations where the walking speed is reached in the detection area. Left with, right with-
out flashlight
Page 71 of 74
ToTS Volume 9, Issue 1: pg64–pg74
The Safety Impact of Additional Blue Lights of Rescue Vehicles
For significance assessment of the results the 
Kolmogorow-Smirnow-Test (KS-Test) was conduct-
ed. This statistical test makes it possible to accept or 
reject a  null hypothesis. The null hypothesis in this 
case is “There is no significant difference between 
the distribution of the entry speeds / maximum de-
celeration rates / braking points / points when the 
walking speed is reached with and without the use of 
additional flash lights”. The null hypothesis is to be 
rejected if a  maximum deviation (difference) D be-
tween the empirical frequency distributions exceeds 
a minimum value Dcritical.
Table 1 shows that the result is not significant 
for any of the parameters collected. The highest 
level is the significance level with only 9.5% error 
probability for the entry speeds, the lowest with 
32% error probability for the distribution of the 
maximum deceleration. Illustratively, one can ex-
pect that on average of three comparable studies 
only one comes to the conclusion that no influence 
of the side flash light is detectable, while two con-
firm the influence. Conform to Bortz (2013), the 
rejection of the null hypothesis requires a  signifi-
cance level of 1% (99 out of 100 studies would give 
the same result).
Table 1. Significance of the results according to KS-
Test. Left column: distance of empirical frequency dis-
tributions, middle: critical distance, right: probability 
of error
D Dcritical P
Entry speed 0,128 0,556 9,5%
Maximum deceleration 0,223 0,556 32%
Braking point 0,301 0,603 26%
Location of reaching walking speed 0,35 0,704 25%
3.1. Findings for Study Planning
With the help of the KS-Test, it is possible to esti-
mate how large the sample would have to be in order 
to achieve a  reliable, statistically significant result. 
Here, the following assumptions are made:
a) a measurement takes place over a longer pe-
riod of time
b) again, trajectories are recorded by road users 
interacting with MICU
c) again, there are about four times more 
trajectories of duty rides without flash light 






d) the distance D between the empirical distribu-
tions always remains at the level measured in 
the pre-study
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The parameter λ
α
 is a constant of the KS-Test. For 
a significance level of 99%, λ
α
 is 1.63. 
Table 4 summarizes the results of the calcula-
tions for the various parameters considered. It can 
be seen that the size of the sample would have to 
be increased by a  factor of 20 in order to obtain 
a significant result at the entry speeds. This would 
mean that for 40 weeks (or less than a year) dai-
ly digital video would have to be recorded with 
a  GoPro camera. For the other parameters, the 
estimated cost is 3 to 7  times the current 2 week 
recording time.
These estimates will only be confirmed if as-
sumption d) is true. However, there is reason to 
believe that the distance between the distributions 
goes down when the number of data samples goes 
up. This is because sampling errors tend to be 
smaller if the empirical distributions are sampled 
on a finer grid. It is therefore advisable to provide 
a reserve.
Therefore, we assume that with a  permanently 
installed camera in 24-hour operation, a  collection 
time of 3-4 months should be sufficient for collecting 
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Table 2: List of road users interacting with MICU with side flash light
Data Base ID v_0 [m/s] Max. Deceleration [m/s^2] Braking point [m] Walking speed [m]
70 6 1,68 2,5 9,5
72 - - - -
73 5 0,29 1 8,5
74 2,5 0,50 1 2,5
75 10,7 0,60
76 10,5 4,67 18 23
77 11,7 5,00 3 14,5
79 3,7 0,63 1 9,5
82 10,5 0,75 5
83 7,8 0,50 4
91 14,4 7,20 7 18
92 7 0,50 3,5
Average 8,16 2,03 4,60 12,21
Note: The vehicle with the ID 72 database (ID 7 in Figure 7) is not scored because it is an MICU












3 9 4,40 4 9,3
4 9,7 0,50 5
6 8,8 1,40 15 29
7 8,2 4,00 13,5 17
8 7,5 2,22 8,5 8,5
10 9,8 3,60 5
11 4,5 2,00 2 3,5
13 9 0,20 23
14 10,9 0,20 5,5 17
15 11,4 4,40 5 18
17 9,2 3,00 4,5 14
20 9,6 4,40 4,5 12,5
21 13,4 6,00 7 17
22 7,4 2,61 3,5 9
24 9,6 0,91 5
25 9 1,00 2,5
27 7,8 0,20 5
28 7,2 0,20 2
30 11,2 4,10 5,5 17












33 5,6 1,00 3 12
34 9,8 0,50 5
35 8,5 1,00 24,5
36 7,2 0,70 16 26
37 7,6 1,70 15 20
39 15,2 0,50 7
42 12,6 2,60 23
44 8,5 3,00 5
45 12,4 4,20 5 18
46 10,8 0,40 5
49 12,4 0,50 3
50 6,2 1,20 4
54 5,2 0,10 2,5
57 7,2 1,00 2 14,5
60 12,4 4,70 15,5 18
62 10 4,00 25 27
63 9 4,00 18 21
64 7 2,00 3 14,5
66 7,4 2,20 3 9,5
Mean 9,22 2,18 8,10 15,95
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Table 4. Numbers of necessary trajectories for statistically 
significant results
D 𝑛flash
Entry speed 0,128 202
Maximum deceleration 0,223 67
Braking point 0,301 37
Location of reaching walking speed 0,35 27
4. DISCUSSION
All the indicators strongly suggest that there is 
a safety benefit when using the additional side flash 
light. The vehicles brake on average 3.5m earlier, 
they break less strongly, and they reach walking 
speed 4m earlier. We conclude from this, that ve-
hicles have earlier perception of the ambulance ve-
hicle. Given an average local speed of 50 km/h it 
can be assumed that the reaction time on the emer-
gency vehicle is improved with a  special signal of 
0.2 - 0.3 seconds. In the presence of the flash light, 
the vehicles drive on average slower in the detection 
area because they presumably brake before.
Reaching walking speed  by  an  average of 4m ear-
lier can,  in  the  case  of  an  emergency, be  decisive in 
determining whether or not an accident happens. As 
a result of this preliminary study, it is recommended 
to perform a complete study (phase 1), with a statisti-
cally significant underpinning of the result. It is very 
likely to be expected that robust test results and suf-
ficient arguments for type approval of the additional 
side flash lights can be obtained.
The methods used are considered suitable for de-
termining the ascertained parameters. In addition, it 
could be determined by visual inspection of the vide-
os during the evaluation that the detection and track-
ing of road users succeeds sufficiently well.
Due to the fact that true interactions occurred 
only in comparatively few of the recorded scenes, it 
is possible that the result of this preliminary study is 
falsified by the influence of randomness; the safety 
gain could not be proven significantly due to the in-
sufficient database. This means that another study 
over a  similarly short period of time may yield dif-
ferent and even opposite results. For example, the 
greatest deceleration rate was registered with the ID 
91 vehicle when an MICU with side flash light exited. 
A statistically reliable statement can only be made af-
ter evaluating data from a  larger sample of interac-
tions. This would have to be collected over a  longer 
observation period of 3 - 4 months.
It is desirable to use a fixed camera so that no dai-
ly recalibration (determination of the external orien-
tation) is required. It is also desirable to include and 
evaluate the coverage area in the west direction (Fig-
ure 2). This seems sensible due to the large number 
of vehicles that already had started braking before 
reaching the observed region of interest. Likewise, an 
automated detection of the acoustic signaling of the 
MICU is desirable.
5. CONCLUSIONS
In this paper, a preliminary study on the safety impact 
of additional flashing blue lights was presented.
The method of the study is based on traffic sur-
veillance data from a camera located at the road side. 
The camera’s field of view covered the zone on a pub-
lic road, where conflicts between MICU and everyday 
traffic were expected. The exit of the BRK station is 
dangerous, because leaving ambulance vehicles are 
hidden by the building. The building is a  clear ob-
struction for the line of sight of normal vehicles ap-
proaching the conflict zone. Additional flash lights 
should enable approaching traffic to see the MICU 
about 1.5 m earlier than with solely standard flash 
lights on the roof of the vehicle.
The findings of the study are that vehicles en-
ter the field of view at a lower speed, brake earlier, 
brake less sharp and reach walking pace 4m ear-
lier on average, when the additional blue lights are 
in use.
In order to obtain statistical significance a longer 
observation period of 3 - 4 months is needed. A  re-
view of the state of the art of surrogate safety studies 
suggests that a  full study must consider more than 
one location for general conclusions.
The paper demonstrates, that it is possible to 
do this type of study with very little budget and very 
low hardware expenses. The expenses on hardware 
equipment were less than 500 € and the main part 
was the consumer action camera.
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